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INTRODUCTION

An EG&G model 610C Vector—Averaging Current Meter (VACM) (AMF Sea Link,
1976) has been modified to record light transmission, water conductivity, and
temperature data, in addition to the standard VACM parameters. The original
circuit design and modification to the initial VACMs was done by Sea Data
Corp. of Newton, Mass. Subsequent VACM modifications have been performed by
USGS personnel using circuit boards purchased from Sea Data. The instrument,
which 1is called a VACM-TCT for transmission-conductivity-temperature is
deployed in a subsurface mooring. It has been used to investigate the
dynamics of currents and sediment movement on the Atlantic Continental Shelf
and Slope along the east coast of the United States. This paper briefly
describes the sensors, the sensor mounting, the data format, and the circuitry
of the VACM-TCT.

SENSORS

The transmissometer measures light transmission, a measure of the
suspended-matter concentration in the water column, over a 25-cm path length
(fig. 1). The light source is a collimated red light emitting diode (LED).
The output of the sensor is a positive direct current (dc) voltage (0-5 vdc)
that is proportional to the light measured at the detector. The transmission
sensor is manufactured by Sea Tech, Inc. and is described in detail in Bartz
and others (1978).

The sensing element of the conductivity meter 1is a 2-terminal,
3-electrode flow~through cell (fig. 1) The resistance measured between the
center electrode and the outer pair is determined by the cell geometry and the
specific conductance of the fluid within the cell. The cell resistance is
used to control the output frequency of a Wien Bridge. The output frequency
of the conductivity sensor is 7-11 kHz for 20-50 millimho (mmho). The
conductivity sensor is manufactured by Sea Bird Inc. and is described in
detail in Peterson and Gregg (1979).

The temperature-sensing element is a passive probe, 30-kilohm thermistor
(fig. 4). The probe, which is placed directly in the water flow, has a
response time of about 0.1 s. 1In contrast, the standard thermistor that is
mounted in the lower end cap of the VACM has a response time of 200 seconds
because of the thermal mass of the case and mounting plate. The temperature
measured by the fast-response externally mounted thermistor and the
conductivity measurement are used to compute water salinity. The output of
the thermistor is a positive dc voltage that is proportional to temperature.

CIRCUIT BOARDS AND SENSOR MOUNTING

Five circuit cards are required to modify a standard VACM so that it can

measure and record transmission, conductivity, and fast-response
temperature. The cards are installed in slots located at the upper portion of
the card rack. The additional cards and their function are 1listed in

table 1. The mechanical arrangement of the circuit cards in the VACM-TCT is
shown in figure 2.

The transmissometer is mounted horizontally to minimize fouling due to
any settling of material on the optical windows. Cages around the sensors



protect them from damage during launch and recovery. The sensors are attached
to the VACM case by one split-ring clamp. Figure 1 shows the transmissometer
and conductivity sensors and their individual mounting brackets. Figure 3
shows the sensors mounted in their brackets and the TCT-mounting bracket.
Figure 4 is a photograph of the completely assembled VACM-TCT with cabling.

All incoming wires enter the VACM pressure case via a feed-through
penetrator in the lower end cap. This penetrator is of the same mechanical
configuration as the penetrator used for the Sony diode (see fig. 5).

DATA FORMAT, CAPACITY, AND CONVERSION

The data record of the VACM is expanded by 48 bits to incorporate the
three additional variables. The arrangement of the data record for a VACM-TCT
is listed in table 2. The addition of three 16-bit words to the VACM data
record reduces the tape capacity by approximately 18 percent. The data
capacity (in days) for the modified instrument as a function of recording
interval and tape length is listed in table 3.

The decimal count recorded by the VACM-TCT is converted to engineering
units in the following way:

Temperature:

M = Counts/8192

RTL = M/136280 + 1/144040

RT = 1/RT1 - 50000

TA = A+ B (Log RT) + C (Log RT)3

Temp = 1/TA - 273.15°C

Default values: A = 9.07 x 10'4;
B = 2.253 x 107%;
C=1.136 x 10~/

Transmission: Voltage = (Counts/8192)(5) volts
Conductivity: Frequency (f) = Counts/1.7578 Hz
2
conductivity = —f + cT2 mmho

(a-be™)2

where a, b, ¢, and n are calibration constants for each
sensor. For example, a = 1491.89, b = 2.25 x 10719,
c =9.0 x 10-6, and n = 4.72 for sensor #51.

TIMING, CONTROL, AND POWER
The outputs of the transmission, conductivity, and temperature sensors

are sampled once for 1.7578 seconds in the middle of the VACM sampling
interval. All references to card slots and pin assignments, such as J22P13,



can be found in figures 6 and 8. All card and pin assignments for J1 through
J19 are in the VACM users manual (AMF, 1976). Figure 6 shows the timing
sequence of the TCT parameters and figure 8 shows the backplane wiring. The
basic timing pulses are supplied by the VACM clock card at a frequency of
1.1378 Hz (J10P9).

On the rising edge of the mid~interval signal (J6P2), the "Event" signal
(J21P20) 1is turned on for 7.47 s. This signal is sent to two places: It
applies power to the frequency multiplier (J22P13), which sends the reference
frequency to both A/Ds, and it applies power to all the sensors by enabling
the 10.3-vdc "Power Out” (J25P31), which powers the transmissometer and the
conductivity sensors. “Power Out” also enables (J23P22) the 6 vdc power to
the thermistor. "Counter Reset” (J21P24) occurs 2.197 seconds later and
resets the data counters on all cards. "Start B" (J21P25) occurs
0.8789 seconds later (3.08 seconds after Power On). This signal enables the
"B" (J21P12) clock which enables all counters. "Stop B" (J21P27) disables all
the counters from further input after 1.7578 seconds, which is the data
sampling interval.

Power for the circuit cards is drawn from the +13-vde regulated supply of
the VACM. During the off period, the additional circuit cards draw less than
0.1 milliamp (ma). During the 7-second sampling period, the cards and sensors
draw a total of about 20 ma. The transmissometer sensor draws about 10 ma and
the conductivity sensor about 8 ma. The total power requirements are thus
about 2.76 amp-hr for a 150-day deployment (sampling every 3.75 min) and
3.12 amp-hr for a 300-day deployment (sampling every 7.5 minutes). This is
13 percent and 15 percent at the +13-vdc supply, respectively.

WIRING AND BACK PLANE

The wiring diagram for the external TCT cable is shown in figure 7. The
backplane wiring and card schematics for the VACM-TCT modification are shown
in figures 8-16.
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Photo-Optical Instrument Engineers, v. 160, p. 102-108.

Peterson, A. M., and Gregg, M. C., 1979, Development of a small in situ
conductivity instrument: Institute of Electrical and Electronics
Engineers, Journal of Oceanographic Engineering, OE-4, p. 69-75.



Table 1.

Card Slot

25

24

23

22

21

Circuit-board description

Function

Conductivity - XP-35. This card conditions the
conductivity signal and counts the conductivity signal
frequency. See figures 9 and 10 for card details.

Transmissometer Integrating A/D - DC-37-4. This card is a
0-5 vdc integrating A/D for the LED transmissometer. See
figures 11 and 12 for card detail.

Temperature Integrating A/D - DC-37-8. This card is the
0-35°C integrating A/D for the fast response thermistor.
See figures 13 and 12 for card detail.

Frequency mnultiplier - WC-38. This card provides the
reference frequency used for the integrating A/Ds. See
figure 14 for card detail.

Sequence control card - BC-30. This card provides the
timing sequence signals for sampling the TCT parameters.
See figures 15 and 16 for card detail.



Table 2. Data format

Description

East vector
North vector
Rotor count
Compass heading
Vane heading
Time

Temperature

F.R. temperature
Transmission

Conductivity

Length
24
24

24

16
24
16
16

16

Bit Position

1-24

25-48

49-72

73-80

81-88

89-104

105-128

129-144

145-160

161~176

Comments

3 MSB always zero
3 MSB always zero
3 MSB always zero
MSB always zero

MSB always zero

21 significant bits
13 significant bits

13 significant bits



Table 3. Data capacity

Recording
interval

3.75 min
7.50 min

15.00 min

Tape capacity
300' tape

120
240

479

in days
450' tape

174
347

695


















9 2an31g F

AVHOVIA ONIWIL

_ 1£d Ser

led ler

cld ler

ged ler

ved ler

ocd ler

cd 97

IO 19Mo
g, dojs

8,

,8, 404§
1953y 194uno?)
JUdAg
[DAI81U)-pIW

¥90/19 ZH &4¢1 1

12



HL--osn [ SNVEL |

Sd-v-9NA
H3INLNVHE

_ aNOD

L @In814

WY YOVId 318vDO WILSAS

[ THL-€-98X

S4-¢-9WN

[

BRI

| 1] y3aninvas

HOLSIWYIH L
a30710N ——

3217dS

¥08-8-38X |

WOVA

| 499-8-3SX M
Y43NLINVYE

— ] —

g |

13



NN_: m
L

[e]ezp

086!

YW ‘ejoH spoop ‘Aeaing jodaibojoen S'N 404

uo|SSIWSUDIL Q37 Y98l bag

aJnjpiadwa) asuodsay isog

ApAyonpuod pag oes
UOLIDOIPOW WOVA DIDQ DS

O

O

[z}

g @2an81g

YW G2'0 = piod

N 13sau [2—

(aN31x3) NI viva [€ }—

R4

NI viva _M_

O

(Lsu1d [1 3 no

i —

S

2]

1no viva[9]
7

E E [ [

B EEEERE

318VN3 E
1NNOD 1X3
S ——

4

Qvol
10 vivo

14

EH
&

o2l 30K 3HIO 3n0N3Y) 0]

1no <_Wa_£ 2 =]

2 yo

-

awNg 12

=]

e = E

E—f

(8]
E

O

378YN3  [22
B

ERLECEEET]

8

il

AONINY3YA o]

Ed)

i)

1 INQ)
@ o} . anow
@ o B enow

‘(2€ JO PDBYSUL PIOIBS DIDP 18JODIDYD Hi
9YDW 0} PJDI 10J4U0d Og - HD)
e o} sabuoy)

('1) %9019
130 _ ” _||

(=]
B [ &

2
9
H
(=]
(=]
3510d 4015 [21] 138 %9070

B Emﬂ|@ o

el & =M

._.zw>u@
(=]

mEB
E &
EEEEEEEEEE RO

<€

&

a

a

g e

P )

E—L%
w0
;
w

;| (]

3
El
B
g
]
o
k
[&]

kg WAYILNY
AN3N3uNSVIN L8vis el —rt—2] o o

®
) B ®

e g ol _ BEBE (e,
2 ) —, L & ]
Moot|xos *y @ HL @y _W—u‘ @u\ @L
o2z 2D S2n 1ow ®'o1 v2n 1Hob ®a1 €2 2 2 oz
punsssa]  ge-dx ViNagaado  P-L£-00 wl ngei=ity  8-18-00 (aoW)BE-IM 0s-08
: Spow piig 09§ SIToA G+ SNYYLl J.8€ 0 0 dWN31 Td

14



LYA S\ O YD

I

T- mnlmx he-22- :— Wsta D
tvo | oNIMvya

AN 3ENW
NDIS3a

d
o
<

0.
v

tL-s2-§ P>

R5T 100 101y
!
20N e

T4

[JZT.Y 3

IAWVNDIS

(s190081-0) 51907

ANdny

[62]

L0

WO TIoNIA33S

SL13ISNHOVSSYIWN “NOLM3IN 4l 9
uojjesodio) ejeq eas og @
~
NOIOUA aTNY 2IIINDT 2< 9
iauopw,:_.u Rl BOVIOA
EE)
A0 (W4) Dy 13031-MOq . PN
C1-5¢-a%) NuS3an Hy
253VNBING AL NMOHS SLAINOLWOD 231N =
t@BLON %00 LIRS
sin4ino L3 1na1n0
[ vIsaAd WRAVHE [E3)
13532
nwu 2 PELTAL) 3V 96OE VD
_ . Lasax - S£95EN2 21D 621 —So-"D
o3
wo LOANT WOt \
“ »z20v %u < wu_.bOvOnu 9
] ST — Sm—
1 390715 < (52 T3Ws A3A3Y 5, BrILNL AOEE 623 ez e Jr-temre
® inan _ R 2960€VT
3WIS3W —wot © gvz-co o
Foaiaa €52 W otor wrlse ¢ 0 e avamv
ERCELETR] QA+ 9 g moH.mG mﬁdﬂ_,mwﬂ 5001 # e HOLSIGNVAL
L ¥ moNva ¥
wEE N "9 H vy 2\ LreLne g 28c SHISVND 2IM0a —
ARE <223 4lno wos o 28
0 FTICAT Y 22 sEv 2AQLVINOA )
dndany 470N G a0 P :m“ o,
ol IE Lol 82
sne+z FENGILER sz <ol LatHe %69l =
S1N4INC WimTS T3S 1200 MY 23
Inalno Qavol o
11891 3 (v 9 oL an) 1N4LNO 170A § 203 {12)
OBF———" Ve Pl [€€] o1 Loanmed »3avrs
=
—SeIvInSaY S3Eas 319¥N3 170N 6 >
= eINvTMSaN sama PR S foc] 21=¥Na oce S .
*ars Ovo sE a5 13
=N “»\
HALIVEVHD
JASAS O S (s170n s2 01 @) oo
E3los 223 t ARJLIVE 2oavINo3w 12}
AIANNOD (4] 100Y We'E S Andnt
-3
nuH 923 D ADANOOD
a@wNa ax | o " = avavsig
AVERIIXS
21
|_bl 3 o_(n oo i <] k|2
Q@
otd poaas rk=O|_ 0....#% 431HS TIVS ARBOWIW
\N?O Mou | 21D)1 6o
3 9o Ll B
OO0 Mg M
..bu:zou v L - T = 120+ avol{g €91
hlele [ofs]zle ve[rkle]sT ] 3 27475 <3120 01 pondd] sraant
nmi S1ia 9 = L uh“. (3|
%O anavsio
_U|ﬁ Levos v chu 442 LNRGY
») 7.& cug LSRAL w o1
o) st i G cua ® Lo
ee 7, g hd
@s () olefele [ofefnf ¥ [cile]|ols|o]6]n]z bu 4299 _
WILIVAVYHD 0 5o € M_u
NOILY2131AN3QT €51 ks Ju_l »ox JuodAo_u o0 ol
- RS g YOPY | oo | ' o\ | S 27duvs
H = Z 0] 2318M02
WEE ™ D -
ﬂuvw 100+ s 10 3. dan+
EZ— y €51 >
52340002 SHBINNA0D TVNDIIS hd 7 MY
S— p ERYULE]
M £}
T o yog gRAUYS
! L 1%)

43532

$2X'aant

15



_@ nnonnon
o 4404 FQ 402|

oogouogoguuyu

[R26 |

[/29/75

Figure 10

R65
R64 e
R63 ~ © 11
R62 O 4404 O 4021 o]<m
— — ooy
REL [ | (D oooooogu oo
% RSO MO T
[y R59 naonAonnnQo
nZ Rsg | | 0
Eo co | N AR) 8 4021 L
a O 404 3ls(®
R57 (@) TooooaooaQg N
> L2 |2
R56 ooOo oo oQg
R55 T1
RS54
(.f)-n= c9 l
+ R53 g < o o[~
b= [r=2 S 4019 O 4024 | 3|z
ggé ToUOoOoooOyg o ooouou 1
) nnonnn 11
© = AR ©o| v|T M
EG 4007 Fo 400! %g 400! x| Efe o
— —
TUUooUUO ooouoogoggug T TT1

PART LOCATION DRAWING

nnonn
— RIO
S 4013 E‘g:l Ro

—{Ra9}
—{c8 1+
R48
[ R47 |
ICI0

I

o

[C6]

R48
:H:IEEE

goooaguuaud
O

I

R6
aonononnQonn RS
= —1 R4

R34
R33 —
R32—

Fg CA3096E

XP-35

<3
— R3I |-
—{ R30]

aggoguduaudu

—

oogooguouy

él[%“;%]fg@ & CA3096E %94250

16



TT 2an8t14q |

JAY YYIAN
-4€-0Q
R = —on e
SLIISHHOVSSVI NOLMIN AG+ H v
uojjes0dio) eq *0§ ang'e ne 2
[EY
INdN!I TVILN3¥ 34410
H3LY3IANOD Q/V ONILVYEOILNI - )
[}
SLI0A® + 33
9LYE
nov 151 41 318VN3 1 [O]Nid (¢ i
2 231 NV
24000i-0§ WOH4 ¥ Moy 471°0 =63 aav (i
:S340N iv20¥ SLI0A 221
¥301AI0 S110A 00°2 + (1] ¥ 010S sdw
Uol sWOLSISIN 1TV 3IN3YIIIY 51
IVNOILAO =)
Ligl ogH a3y -
$191 vy = 2¢H | vrios
Lol 65y — ¢
Y31 eey 5] 552 .
1] dois 1d3¥ia ]
S¥IPNI 2 H3IMOd ¥VINI
991 is¥ 5 Z00¥NI » H )Ql@ 29A+ 3
€51 9ey vy, ¥g b4
€3]
951 sou ) G oo A i
a e 1NdNI 18V1S 3903
21 by 44 o] Nosv
< N
oI 2¢ - 2 i 18v1S - 153810
"or igH '
ag, TOHINOD 31VH HIINNOD 18nrav ow3z 1na 110 ws't AZOLO
ovy
1nd1n0 ¥31S1934 %2013 EEY . W dWY (62) NI-
1341HS vive %l X6bE
TvI¥3s 118 9| 901801 ave1 o Las wos S § w00z 1o
15814 9SH 671 g 11 sed WNOIS
[
I &ﬁuu. / ° %\ 4002 Ie z_M_
vie3s €8y ¥IAITIAY o1 3001 %I NEDZT
951 120P & 19y 12OV 4o %l %007 SNOILYOITddY 99y 194
LM 921960¢ Q3 i cr e ¥ 18
ov14 TOmEF e TS & L4IMS )
asn 3 oo ‘ ———157]
2 %00) 434 ADN3IND3MJ
o 2z ¥31INNOD
ND el “[3s3y unet
<l _.UH 1od
S [9 [6 e |v [S[9)6 2!
i 'VMthr»N“w.x 84 uvovvh mu_x 5 2 £l
S5 P viag P n %! %001 (2]
/
H3LNNOD 39VIS 9i 100%™y oty LNdNI /Y
dl
0y 2y
©- HOLYMVAWOD
na)
31v9
AHOWIW
434
ET1

17



ZT 9an31g

GlL/62/|
ONIMVYYQ NOILYO01 LYvd 8.¢-20
2 |I-ﬂmﬂ-TI
o .
{@E -  {EEl- o] fy =
m 1 m i s -  {y 80 4] 88 -
oop o ¢ —{oza - =l [m] -LEb {mEe
0 1 O ] o] ﬁm.@
0120+ p m_movw Lo ] 828 | I!mlu —{oog  °
4 [ 224
m 2010 991 uo - 9./ 01 —{ g9y
~ Pt N 08y NUL —{so¥
ﬁw@%@ . mEl L@l
O ] 0 ] O .n|.__ m w = & p O : IEI _mﬁml
0 [ (e} —{esml
m m C m i 00 0 m - (o
O C N O y O ] govvIn
H¢O¢¢u H¢O¢¢u Ociov m _OO._Vw oSy [ 8 =T D
fvoth g etk 4201 oI [ Rl ] eor w 0LY NE-@
1 N O N C ] C
: L 19] ou
—| (v |© _ mo_
3 2| [2 m 2OEE B gy o 0d3z
©m_n: mmm.@
g
| ( 3401S
080¢[ |3 @ @ mnm@
J Bl (@ e @ 5
Ll — 9l 209010 N

vd.l

18



€T 21314

82€-00} es-s2-4 e
‘ON VG| ONIMVEA |, gy yyun
NOWNWO02
8-2€-00 NOIS3 - 33p - & 72 u3mod
- _MOISA] 33z~ HVINIT
$113SAHOVSSYIN ' NOLMIN w o A
FLLR nNZ'Z N U
uojjriodion wjeq ®S 73 I e " Teus 0
Jobt€ 04 O ¥ILIWOWNHIHL o[oz] | mmr “wm
HILNIANOD Q/V ONILVHOILNI o[E3) & cu “k "
S1TN0A ¥ + 33 9lpe * < b1 14
¢ 82y
110% ST 41 318VN3 51 [O]Nid (¢ - [s1] uv31d 3 w $
2 nog!
2440001- 06 WOHA?2% HO4 4710 =62 aav (I L8 ., sion 221
- N NLGE S WET
$S31O0N 1v20v S170A 00°2 + €8 S228 Y 0105 sdw
¥34QIAIQ LI *51
UO! SWOLSIS3H 1TV uow_.qunw.k»ww 5! é 5 N
Lol ogy T W ETIN 052N y¢ y
ol 2cu | wrlos
SI9T ey = i1 AMA }
) N 193138 ne's 33
I ozy ol Sou
s =
Yol 85y ] 55 :Jw dOLs 103810 T ¥IMOd ¥VINIT
S¥IPNI NE'ES . . o AAA |@
901 oM ZA0WNI 128 2y A+
0] ¥ g ! d we'e
(L) Q-1-5Y] o \ M 1] 61y
) i
8151 ggH A aa q L
o] 99 1w A o . 18VLS 3903
o1 veu sy (o] N sV o g ot nes
ST 25¥ 2, 35N o4 S LuVLS - 103410 n
L) G- vl Hiv 10 TTOHLNOD 31V9 HILNNOD WSt "
a9 1nd 10 obH VNOIS
X203 EEY WQu Av dWv
1ndino 43151934 =] Vi S Limo
L14IHS 14 2N s X0G! <
IVIN3S 118 91 3918 ol = AMUIET) %4 2% sey
1S¥14 SN 21 284 <
NQ'H A
Gl <2z ¢laije o |bed L0NdNI ./ 0 o w00z A (el 1nani
LG a 8L viva <] wivo 8y ¥3141TdAY o4 X001 %10 %00°0G HOLSINYIHL
b [ Vi3S SNOILYIINddY 99y +9¥
120¢ N ) n 120t G %) xmom
| 931 avol 21 ¥ 184
:%up 2o m[_ 7 n_cc B3 ¢ 434y Dobl'PE+ 29202 104
o
vy TR [ 9 12 "¢ {9 ._mwmw.._m > +———157] 2a€LEl+ S99t PRI
asn X . 900 0p0sE o¥3z
(7] ¥OO! 438 AON3IND3IYS o
- RCED
ol 22y ¥ILNNOD T - JWII  IoNVISISIE  31VD
[ .1 ’ 13534 L4 ivd — NOILV¥8IIvI——
a? o1 ]
e b b o le i Je fesle v [s o s [ [20 3|2
T AN erssvez ] e 4 o
3 ——AAA A1NdNI Q/V
POb Y 14944 %! #OO!
€51 4 ; Yo T 1] ﬁ b s % o
9
¥3LNNOD 39ViS 9 100%™ T ol
SOl
di clov oLy
04 21
YOLVHVAWOD ou3z
aa, 124 4
%013
31v9 L
u3Imod
AHOWINW HOLSIWHIHL
Gl

19



IH

8¢-OM ON
11d
TOHLNOD JAVM
Aee

3718YN3 404 IH
d3MO0d 1S4N8 JAVM

T 2an314

'9d0I01 04 €1d6O] 8A0W pUD K p=¢Y

:ZHM 0G8 of XYW pup Xo| 0} pajiwi) s) Ja1jdiynw

I X 101 9l 81DJ 9938 G'Q UdY} inq 9HOt VoY @q upd 101 (2
2X 001 8 We'e - Aoaay dIS (I
ox oo : ssioN
o1 x 100 0l 14IHS 13A37 = ool |
% 2€EX 000 SO L00b 8283 $h%
KIdimnw IndNi 31vy L3 oo n
[o va3asn \ =
ZHpE 099t ¥ 00l 4<zo_k_o
1nd1No . roS
43dILINKW amo _3
€0 0101
€
= - mwmmzu
=TT WOl 101 Nip
614 Ol g24 vnm+ 12y
dis
20t 0191 ANV 9t bt - 101
sH(9)S ¢ BE ocy + :1INDHID 11d 804 H3IMOd 110A 8%
1[e silv © € 2 310N 335 %
2 omltﬂ oile _mov N0 HOLIMS .
v|62 6 d _ N m v & 9 ! 34071S
JOmfwmw 2l s N v = = dis
AdILTINW N v Wb 2z = 224 )
A3 % €83 2y ose ¢ =
3 ﬂm wv m w m A1 ERRT] B = w,_m ¢ 00
3 135430 3d071S o _ ‘2 I0° e
ne 3 20
¢No¢ <O ® ATNO SSS S @
{ 02A
4301A10 x 389vby 6 xm_omu €l vl

L

L ooo_

24 zHgo'goll

AVNOIS
JOSN3S

20



GT °an314g

nmwmumh €1

: ¥
a3sn 38v [§]-[T)sNid 41 N30 38 1snow Es-'s sauonims 2 (ex)wor TF
32332
SOW-D 03M344N8 ¥O ‘8100v3 AINO GTIHOMIVA €21 *| §3ILON rTTTT
51 2 do1s
{¢] 2 L¥VLS
0$-08 {£1) 8 d0Ls
{08 i8vis/v doLis
S,44 € ANV S3LVLS 8 ANV AV13d —O7  y Luvis
[L 3ON3ND3S - ] (21)
d3N 30 3 = €5 39NVHO MO ‘03w Sl = 2L 20 =001¥34 #0019
100 H 100° %3 [ = LN3AZ
3s7nd 387INd dOLS " T woo ) CEY
4048 938 1l 0 ¢ > g = 100% 1353¥ Llou.w
8
° v 1% ¢ o NO-¥3mod
o\ £ € 238 %%
av1za swy © N 21 *
2+v
1363¥ +
XOSE
$39010 ,8 +¥,,
13834
IYNMILX3
[
~or 11V
ISN3IS LNIHUND
$X0019 ,0+vV,
N300 ¥, )
18v1S
+.
v - 0-0-0-08-0-0-0-00-¢
380438 ¥O *¥3ILNNOD 3 001 24
3ON3ND3S 40 ILVAS LSV 3IHL
A8 A3¥V3ITD ATTVOILYNOLAY S
3HY 8 @V §dO13 4114 £
IN3A3 T
ICRED) "o
ERPTT T
ERPTT T 2 g f savis
| Z a5 LHVLS
12093 Av¥130 o< 378V¥N2
e 314NVS =
1 = %0ES
1 Og ¢ | no RRd
2 3dNVYS | 9 |0 Py \
¢ il ¥3GIAI0 ABYNIS 3NO 2l Iy #9070
» = WON¥3 03AINIG 3HV ; ] (Y YA
caivis s | 8 LuviS ONY 2L ONV | _ 1 gen LT00MId
° 1L s%2079 1ndNl | F 20 857 0eT 1 o1 6a
30N3IND3IS | annssy svinwuos [ gqNI oo auva
e 9y 79 od1 4 NO (%%)
e|9|s|! |oelv|2|e ¥3INIL AvI130 —J8qg 9 [ v9 29 Quiss “w nol
N
8L96¢ A o uINIL lpuss Py YETERRE o roTeal za
zov 3 30N 3N038 Mg
3] < {Slesaf ,u,

901

U3OILNI NV §| X FHIHM

'1(2/-N)+X=21(Z) + %) 144611V OL HONONI uexj\
12/, WO¥3 SIONVY §) X IHIHM

s1 aNv 112/ Loy !

!

x4+ 1 (2,- 5_ 11(%, 4v)

Ci-"0% -1 =Py

—2] AVAHILNI

LRI N TN

™~

\B as1 AVYI30

co<u NIHM aNV Z150:=PL ‘0zu NIHM

§amIL Lovx3 ‘liunfy (631vlS 3ION3IND3IS) ,AN3A3, OL
¥ .LHVLS, WONI QIHNSVIN PL 3INIL AVI3G HIWIL Av13a

21



[rzs] R’% 1

e ¥ s ¥ e ¥ s o (¥ o §

ICio
4029

H:)IC

| o | g ) o )

Lamocarmracrg

9
4001

o W v W o [ § o Ve V|

ICs
4011

| § g ) S )

o Toms B Y s T Ve B e |

D 7 4027

) e g g )

(o Vo Vs | o Vo Vi |

ON-CARD DELAY SELECT

Td =HT|

n

n_n

RI7

1Ce
4017
LS o | ) s ) o e g

ICI
E]E 400l

F o | W o W o ¥ o T o ¥ o |

D 400

) v g am g m—

oOoooarmCcr

IC4
4025

TOoOoOOO0Oog

| o | e U o § o U e §

D 400

o g e e g

LA

D %040

L g o g e g e e 3 e

MMM

== =ng =y e g

tCGO SEQUENCE TIMER

:

PARTS LOCATIO
5/20/76

22

Figure 16



